cytosine-substituting T4 phage mutant. VLC1protein was produced at a low level without infection because of its instability in the cells. Although the productivity was partly improved in a /on-deficient mutant without infection, it was improved about 100-fold with T4 phage infection. T4 phage produces protease inhibitor(s) (pin gene product) against proteases of host cell including the Ion gene product (protease La).
In recent years a number of foreign genes have been cloned in Escherichia coli for the purpose of attaining a high productivity of the gene products. It is, however, not always easy to accomplish the expected level of gene expression in E. coli cells. One of the reasons is that the gene products are degraded by E. coli proteases. It is known that abnormal proteins such as nonsense fragments are labile to the degradation system of E. coli.1} Not a few proteins expressed from cloned genes in E. coli are also known to be degraded rapidly by the proteolytic system. Protease La, the Ion gene product of E. coli, clearly plays a significant role in this degradation system.2) Simon et al.3) reported that T4 bacteriophage infection protected abnormal proteins from degradation in E. coli. This phenomenon was at least in part attributed to the action of protease inhibitor (T4 pin gene product) synthesized after T4 infection. Duvoisin et al.4) analyzed the kinetics of the degradation and stabilization of labile proteins, such as a rabbit immunogloblin light chain, produced in E. coli with and without T4 phage infection by SDS and transformation were done in the usual ways.25) DNA was sequenced by the M13-chain termination method22) according to procedures described in a user's manual from Amersham Co.
Assay of VLCI proteinproduced in E. coli. MC1061 cells carrying the PHB-VLC plasmid were grown at 37°C in M9S medium or 2xYT medium supplemented with 30 /ig/ml of ampicillin to 2 x 108 cells/ml and then infected with T4dC phage at a m.o.i. of 0.1.14) Samples of the culture were collected by centrifugation and the collected cells were suspended in a solution containing 50mM Tris-HCl (pH 7.6), 20mM EDTA, 1 mMphenylmethylsulfonyl fluoride (PMSF), and 0.05 mM2-mercaptoethanol.
Cells were disrupted by sonic oscillation and crude extracts were prepared by removing the cell debris with Results and Discussion Production of VLC1protein in an expression vector containing tac promoter Humanventricular myosin is a structural protein with a molecular weight of 500,000 consisting of subunits comprising two heavy chains with a molecular weight of 200,000, two alkali light chains I (LI) with a molecular weight of 27,000, and two phosphorylatable light chains II (LII) with a molecular weight of20,000.21) We first tried to produce a human ventricular myosin alkali light chain (VLC1) in E. coli using an expression vector with the tac promoter; the CDNAsynthesized from the VLC1mRNA with an initiation codon was inserted into the BamHlsite downstream of the tac promoter and a ribosome-binding site in a plasmid pDR540 (Fig. 1) . We assayed VLC1 protein produced in E. coli MC1061 cells carrying the tac-YLCl plasmid (PDR-VLC4in (Table I) . Since many foreign proteins are produced under similar conditions, it is reasonable to assume that the VLC1protein produced in E. coli was degraded by the proteolytic system.
Next we used an E. coli strain that is deficient in Ion gene as the host cell for the VLC1 production. Protease La, the Ion gene product, is knownto be involved in the degradation of abnormal proteins. As shown in Table I , the amount of VLC1produced in a /^-negative strain (MCtd) carrying PDR-VLC4 was 2 times more than that in a /cw-proficient strain (MC1061). The /^-deficient mutation has no effect on the productivity of normal E. coli proteins such as /?-galactosidase. These results indicate that the Ion protease is at least in part responsible for the low productivity of VLC1
protein in E. coli.
Construction of uvsY-VLCl fused plasmid, PHB-VL C
We next tried the production of VLC1 protein under the T4 uvsY regulatory signal joined together with the DNAfragment containing the'middle part and the 3'-part of the VLC1 coding region, and the resultant DNAfragment containing the VLC1ORFwas inserted into the Bglll site of pHB5. The plasmid PHB-VLC plasmid has a change in the 5'-part of the coding region of VLC1; the native second codon of the VLC1, CCC, was substituted for GAATTAGAAGAT. Thus a tetra-peptide, Arg-Leu-Glu-Asp, substituted for the second amino acid (Ala). This change did not affect the stability of the product in E.
coli cells and its immuno-responsiveness.
Productivity of VLC1protein in E. coli carrying PHB-VLCby T4dC phage infection
The productivity of VLC1in MC1061cells carrying PHB-VLCinfected with T4dC phage was found to be about 100-fold compared with that without infection (Table I) , although the productivity of a stable protein, jS-galactosidase, was increased only three-fold under the same conditions. 14) Moreover the productivity of VLC1 in tow-proficient cells (MC1061) carrying PHB-VLCinfected with T4dC phage reached the same level as that in to«-deficient cells (MCtd) infected with the same phage. In contrast, the VLC1 productivity in MC1061 carrying PHB-VLC without infection was about halfofMCtd carrying the same plasmid. These results indicate that the VLC1protein is degraded not only by Ion protease but also by other proteolytic enzyme(s), both of which are inhibited in T4dC-infected cells. The productivity of VLC1under the tac promoter in T4dC-infected cells remained at the same level as that in non-infected cells (Table I ). This indicates that the expression of the tac-VLCl gene was completely shut off by T4dC phage infection. Western blot analysis (Fig. 3B ). An appreciable amount of intact VLC1protein was detected at the position corresponding to 27kd in the crude extract of the cells with T4dC phage infection (Fig. 3B, lanes 2 and 5) . 5) . This is an E. coli protein which cross-reacts with anti-VLCl monoclonal antibody because the protein was also observed in the crude extract of MC1061 cells carrying pHB5 (Fig. 3B, lane 6) .
Although further analysis would be necessary for understanding the precise mechanism of inhibition of E. coli proteases by T4 phage, our experiments demonstrate that this novel expression system with the T4 regulatory signal and T4dC phage infection is suitable for attaining a large amount of a labile protein in E. coli cells.
